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[Name] 

Yamaguchi, Isao 

(57) [Abstract] 
[Objective] 

dimension .composition .density offers piezoelectric element 
and manufacturing method which were directly formed 
toaspect of option of cylinder base where piezoelectric body 
layer which the precision well is controlled is thm. 

[Constitution] 

piezoelectric element designates metal cylindrical pipe 1 of 
hollow as base , piezoelectric body layer has 2 wh.ch was 
directly formed to inner perimeter surface .outer perimeter 
surface . or any of the inside and outside both surfaces and 3. 
In addition, as for manufacturing method passing by nucleus 
formation step and crystal growth step , dueto hydrothermal 
synthesis method which is done under existing of water of 
high temperature and high pressure with main component of 
metal cylindrical pipe 1 of hollow as synthenc element of the 
one . piezoelectric body layer 2 and 3 it forms directly in 
surface of the metal cylindrical pipe . 




hi 
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[Claim(s)] 
[Claim 1] 

piezoelectric element . which had electrode which was formed 
to surface of piezoelectric body layer and this piezoelectric 
body layer which were directly formed to inner perimeter 
surface .outer perimeter surface , or any of inside and outside 
both surfaces with metal cylindrical pipe and this metal 
cylindrical pipe of hollow as base and makes feature 
[Claim 2] 

piezoelectric element . which is stated in Claim 1 where metal 
cylindrical pipe of hollow .designates forming part of 
piezoelectric body layer as ink pressure chamber section, in 
one end nozzle . possesses ink supply tube section in other 
end and makesfeature 

[Claim 3] 

piezoelectric element . which is stated in Claim 1 which had 
piezoelectric body layer whichconsists of lead titanate 
zirconate which was directly formed to inner perimeter 
surface .outer perimeter surface , or the any of inside and 
outside both surfaces with metal cylindrical pipe and this 
metal cylindrical pipe of hollow whichconsists of titanium as 
base makes feature 

[Claim 4] 

Passing by nucleus formation step and crystal growth step due 
to hydrothermal synthesis method which is doneunder 
existing of water of high temperature and high pressure with 
main component of metal cylindrical pipe of hollow as 
synthetic element of one , it forms piezoelectric body 
layerdirectly in surface of metal cylindrical pipe 
manufacturing method . of piezoelectric element which 
isstated in any of Claim 1 through Claim 3 which is made 
feature 

[Claim 5] 

metal cylindrical pipe of hollow where hydrothermal 
synthesis method , designates mixed solution whichadds 
potassium hydroxide 8rule aqueous solution to mixed solution 
ot lead nitrate aqueous solution and zirconium oxychloride 
aqueous solution which possess mole ratio of lead .zirconium 
which becomes settled beforehand as treatment 
solution .consists of titanium in this treatment solution 
soaking, 150 * nucleus formation step, which does nucleus 
formation of constant time lead titanate zirconate in 
airtightness atmosphere front and back to designate mixed 
solution which adds potassium hydroxide 4rule aqueous 
solution to mixed solution of lead nitrate aqueous solution and 
zirconium oxychloride aqueous solution and titanium 
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tetrachloride aqueous solution which possess the mole ratio of 
lead izirconium :titanium which becomes settled beforehand 
as treatment solution , inthis treatment solution nucleus 
formation end metal cylindrical pipe soaking, manufacturing 
method . of piezoelectric element which is stated in Claim 4 
which 120 "includes crystal growth step which does crystal 
growth of constant time lead titanate zirconate in 
theairtightness atmosphere front and back and makes feature 

[Claim 6] 

thin film which obstructs formation of piezoelectric body 
layer in outer perimeter surface of metal cylindrical pipe of 
hollow is beforehand formed, piezoelectric body layer is 
formeddirectly in metal cylindrical pipe inner perimeter 
surface of aforementioned hollow with hydrothermal 
synthesis method the manufacturing method . of piezoelectric 
element which is stated in Claim 4 or Claim 5 which is 
madefeature 

[Claim 7] 

both ends of metal cylindrical pipe of hollow honey plug is 
done, with this state piezoelectric body layer is formed 
directly in outer perimeter surface of metal cylindrical pipe 
with hydrothermal synthesis method manufacturing method . 
of piezoelectric element which is stated in Claim 4 or Claim 5 
which is made feature 

[Claim 8] 

Repeating platinum membrane and titanium membrane in 
outer perimeter surface of plastic material of the rod shape , 
manufacturing method . of piezoelectric element which is 
stated in Claim 4 or Claim 5 where itdesignates those which it 
formed as base , it forms piezoelectric body layer which 
consists of lead titanate zirconate with hydrothermal synthesis 
method directly in titanium film surface of this base , after 
that heats entirety in lead vapor atmosphere and baking out 
does plastic material of aforementioned rod shape and makes 
feature 



Specification 
[0001] 

[0002] 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

It regards piezoelectric element and its manufacturing method 
which are used for piezoelectric element and ink jet printer etc 
which were directly formed to surface of thin tubular metal 
cylindrical pipe where as for this invention, piezoelectric 
body layer becomes base its manufacturing method , 
especially as discharge drive source of ink drop . 

[0002] 
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[Prior Art] 

piezoelectric body which consists of piezoelectricity ceramic 
which is represented in the lead titanate zirconate (Below PZT 
it abbreviates. ) is utilized widely as mutual transducer of 
electrical energy and the mechanical energy which utilize that 
high piezoelectric effect and opposite piezoelectric effect . 

In addition, as for manufacturing method of PZTpiezoelectric 
body , compounding and aftermixing PbO , 
ZrO<sub>2,</sub> TiCKsub>2 </sub>powder which is a 
starting material , passing by calcining step filling process 
after it made PZTpowder , piezoelectric body of thickness of 
1 mm or greater forming with compression molding 
method ,so!id phase reaction doing with balcing step , after 
that imparting doing electric field of several kV /mm extent 
polarization action, Forming electrode in both surfaces , 
method which it makes product isgeneral. 

In addition, thin plate of thickness lmm or less or 
piezoelectric body of cylinder in the desired shape dimension 
is produced piezoelectric body which is acquired with 
above-mentioned compression molding method with method 
which cutting is done. 

Furthermore, as it can use to formation of PZTsheet of the 
thickness 100;mu m or less sheet forming method which uses 
doctor blade generally, [subatta ] method,also CVD 
method ,sol-gel method or other film manufacture method is 
known. 

Furthermore and, passing by nucleus formation step and 
crystal growth step under existing ofwater of high temperature 
and high pressure , example which succeeds in productionof 
PZTthm film of thickness 20;mu m extent with heated water 
method which forms the PZTthin film directly in surface of 
titanium base , is reported with 

K.Simamura,T.Tsurumi,Y.ohba,D.Daimon etc, (Japanese 
Journal of Applied Physics 30 (1991) 2174). 

. [0003] 

On one hand, ink jet printer is observed recently as new 
applied field of piezoelectric element . 

printing equipment which uses inkjet printhead mechanism 
from benefit that, configuration issimple, is widely used for 
tabletop printer and fax or other field where miniature 
lightness isrequired. 

Several system are proposed to mechanism of inkjet recording 
head , but divergingfrom ink supply part , system which 
provides piezoelectric element of cylindrical where diameter 
10~200;mu m extent is long and narrow in pressure chamber 
section in themiddle of ink channel of plural which possesses 
nozzle in the terminal functioning with this portion as 
compressor , from nozzle the ink drop discharges, head 
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lifetime being semipermanent , utilizing or other feature 
where running cost is low,it has been about to be used widely. 

[0004] 

[Problems to be Solved by the Invention] 
Above-mentioned way piezoelectric element of cylindrical 
where applicable diameter 10~200;mu m extent is long and 
narrow in inkjet printhead which configuration is done 
itformed with solid phase reaction method until recently, with 
mold were formed to separate body to both ends of 
piezoelectric body of long and narrow cylindrical where, 
possesses nozzle and micro valve which connecting ink 
supply tube section which to airtight was produced with 
method which forms the ink channel . 
Because of this, dimensional control composition 
control .density control of piezoelectric body which is 
acquired with the solid phase reaction method which is 
acquired sufficient piezoelectric characteristic to obtain, 
difficult and alsonecessary dimensional accuracy difficult, be 
acquired there was a problem that the labor depends on 
finishing in order and rear attaching processing of ink channel 
causes rise of manufacturing cost . 

[0005] 

In addition, driving force where piezoelectric body which is 
acquired with the CVD method and sol-gel method thickness 
several ;mu M extent is thin, needs with inkjet recording head 
there was a problem that is rare. 

Furthermore, according to heated water method , be able to 
form piezoelectric body layerdirectly in surface of base , at 
same time it is superior in composition control characteristic, 
although it possesses benefit which canform uniform 
PZTpiezoelectric body layer of thickness 20;mu m extent with ... 
low temperature of 200*or less , without only example of 
success which formed PZT layer in base of flat plate In order 
to make application to inkjet recording head of cylindrical 
- possible,establishment of production technology of 
piezoelectric element of cylindrical where the diameter 
1 0~200;mu m extent is long and narrow is sought. 

[0006] 

As for objective of this invention, 

dimension .composition .density is to offer piezoelectric 

element and manufacturing method which were directly 

formed to aspect of option of cylinder base where 

piezoelectric body layer which precision well is controlled 

isthin. 

[0007]" 

[Means to Solve the Problems] 
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In order to achieve aforementioned objective , invention 
which isstated in Claim 1 has electrode which was formed to 
surface of piezoelectric body layer and this piezoelectric body 
layer which were directly formed to the inner perimeter 
surface ,outer perimeter surface , or any of inside and outside 
both surfaces with metal cylindrical pipe and this metal 
cylindrical pipe of the hollow as base . 

Here, as for invention which is stated in Claim 2 , metal 
cylindrical pipe of hollow , designates forming part of 
piezoelectric body layer as ink pressure chamber section,when 
it tnes nozzle , to provide ink supply tube section for other 
end in one end , is good. 

[0008] 

In addition, invention which is stated in Claim 3 when it 
tnesto have piezoelectric body layer which consists of lead 
titanate zirconate which was directlyformed to inner perimeter 
surface ,outer perimeter surface , or any of inside and outside 
both surfaces with metal cylindrical pipe and this metal 
cylindrical pipe of hollow which consists of titanium as base 
is good. 

Invention which on one hand, is stated in Claim 4 passing by 
the nucleus formation step and crystal growth step due to 
hydrothermal synthesis method which is done under existing 
ofwater of high temperature and high pressure with main 
component of metal cylindrical pipe of hollow as thesynthetic 
element of one , when it forms piezoelectric body layer 
directly in surface of metal cylindrical pipe , is good. 
[0009] 

metal cylindrical pipe of hollow where here, as for invention 
which isstated in Claim 5 , hydrothermal synthesis method , 
designates mixed solution which adds the potassium 
hydroxide 8rule aqueous solution to mixed solution of lead 
nitrate aqueous solution and zirconium oxychloride aqueous 
solution which possess mole ratio of lead rzirconium which 
. becomes settled beforehand as treatment solution , consistsof 
titanium in this treatment solution soaking, 150 * nucleus 
formation step, which does nucleus formation of constant 
time lead titanate zirconate in airtightness atmosphere front 
and back to designate mixed solution which adds potassium 
hydroxide 4rule aqueous solution to mixed solution of lead 
nitrate aqueous solution and zirconium oxychloride aqueous 
solution and titanium tetrachloride aqueous solution which 
possess the mole ratio ofjead :zirconium rtitanium which 
becomes settled beforehand as treatment solution , inthis 
treatment.sblution nucleus formation end metal cylindrical 
pipe soaking, When 120 * it tries to include crystal growth 
step which does crystal growth of the constant time lead 
titanate zirconate in airtightness atmosphere front and back it 
is good. 
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[0010] 

In addition, when invention which is stated in Claim 6 forms 
the thin film which obstructs formation of piezoelectric body 
layer in outer perimeter surface of the metal cylindrical pipe 
of hollow beforehand, directly tries to form piezoelectric body 
layer in inner perimeter surface of metal cylindrical pipe of 
aforementioned hollow with hydrothermal synthesis method 
itis good. 

Furthermore, when both ends of metal cylindrical pipe of . 
hollow honey plug it does invention which is stated in Claim 
7, with this state itforms piezoelectric body layer directly in 
outer perimeter surface of metal cylindrical pipe with 
hydrothermal synthesis method itis good. 

[0011] 

Furthermore and, invention which is stated in Claim 8 
designatesthose which repeated platinum membrane and 
titanium membrane in outer perimeter surface of plastic 
material of rod shape and formed as base , forms piezoelectric 
body layer, whichconsists of lead titanate zirconate with 
hydrothermal synthesis method directly in titanium film 
surface of this base , After that heating entirety in lead vapor 
atmosphere , when baking out it tries todo plastic material of 
aforementioned rod shape , friendship flight is. 

[0012] 

[Working Principle] 

extension and retraction of piezoelectric body layer can 
operate metal cylindrical pipe , directly as tightbinding power 
with invention which is stated in Claim 1 , due tofact that 
piezoelectric body layer is formed to inner perimeter 
surface ,outer perimeter surface , of base whichconsists of 
metal cylindrical pipe of hollow or any of inside and outside 
both surfaces directly.can generate pump action as change of 
metal cylindrical pipe internal volume efficiently. 

[0013] 

Here, like invention which is stated in Claim 1 , if metal 
cylindrical pipe of hollow , ink drop it can discharge 
efficiently from nozzle the nozzle , provides ink supply tube 
section for other end in one end with the forming part of 
piezoelectric body layer as ink pressure chamber section, 
metal cylindrical pipe itself of the hollow it can function as 
ink channel , at piezoelectric body layer with pump action of 
ink pressure chamber section as drive source . 

[0014] / 

In addition, like invention which is stated in Claim 3 .utilizing 
piezoelectric characteristic where PZT is superior by 
providing piezoelectric body layer which consists of lead 
titanate zirconate (PZT ) which was directly formed to the 
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inner perimeter surface ,outer perimeter surface , or any of 
inside and outside both surfaces making use of titanium , to 
metal cylindrical pipe of hollow , piezoelectric element which 
possesses strong pump action is acquired. 

On one hand, because with invention which is stated in Claim 
4 .passing by nucleus formation step and crystal growth step 
due to hydrothermal synthesis method which is doneunder 
existing of water of high temperature and high pressure with 
mam component of metal cylindrical pipe of hollow as 
synthetic element of one , it tried to form piezoelectric body 
layer directly in surface of metal cylindrical pipe , 
piezoelectric element which is stated in any of Claim 1 
through Claim 3 with exposed surface of metal cylindrical 
pipe of hollow as forming region of piezoelectric body layer 
necessity do, itproduces, postprocessing etc in order to 
guarantee dimensional accuracy itbecomes possible. 
[0015] 

^Here, like invention which is stated in Claim 5 , because the 
hyjrofliermal synthesis method of PZT layer, it is a method 
which does nucleus formation step and crystal growth step 
making use of treatment solution of liquid state , composition 
of PZT layerwhich is acquired by solution preparation 
precision be able to control well, In addition precision be able 
to control dimension ,density of PZT layerwhich is acquired 
by management of high temperature and high pressure 
atmosphere well, at sametime, because hydrothermal 
synthesis reaction is done in liquid it is influenced in the 
dimension of metal cylindrical pipe not to be, dimensional 
accuracy is good with exposed surface of metal cylindrical 
pipe as designated region , piezoelectric element which has 
PZT layer where dielectric constant piezoelectric constant 
and Young&apos;s modulus are high is acquired. 
[0016] 

In addition, like invention which is stated in Claim 6 , if the 
thin film which obstructs formation of piezoelectric body 
• layer in outer perimeter surface of the metal cylindrical pipe 
of hollow is formed beforehand, it can acquire piezoelectric 
element which provides piezoelectric body layer for inside of 
metal cylindrical pipe of hollow with inner perimeter surface 
of metal cylindrical pipe which is exposed as designated 
region .easily with hydrothermal synthesis method . 

Furthermore, like invention which is stated in Claim 7, if the 
both ends of metal cylindrical pipe of hollow honey plug is 
done and with this state piezoelectric body layer is formed 
directly in outer perimeter surface of metal cylindrical pipe 
with hydrothermal synthesis method , piezoelectric element 
which provides piezoelectric body layer for outside of the 
metal cylindrical pipe of hollow with outer perimeter surface 
of metal cylindrical pipe which is exposed as redesignated 
region can be acquired easily with hydrothermal synthesis 
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method . 
[0017] 

In furthermore and, with invention which is stated in Claim 
8,repeating platinum membrane and titanium membrane in 
outer perimeter surface of plastic material of the rod shape , 
designating those which it formed as base , forming the 
piezoelectric body layer which consists of lead titanate 
zirconate with hydrothermal synthesis method directly in the 
titanium film surface of this base , after that heating entirety 
in lead vapor atmosphere and the baking out doing plastic 
material of rod shape depending, PZTpiezoelectric element of 
pipe which possesses platinum electrode in inner perimeter 
surface isacquired. 

[0018] 

[Working Example(s)] 

This invention below is explained on basis of Working 
Example . 

Figure 1 is oblique view of piezoelectric element which 
shows one Working Example of thisinvention. 
In figure, as for piezoelectric element piezoelectric body layer 
2 which directlyconsists of PZT layer of thickness 
approximately 10;mu m in inside and outside both surfaces of 
metal cylindrical pipe 1 of hollow which consists of titanium 
of the internal diameter approximately 1.2 mm and 3 is 
formed, piezoelectric body layer in the surface of 2 and 3 
unshown metallic electrode for example vapor deposition 
method ,sputtering method .coating baking method , etc is 
formed until recently with same method . 

[0019] 

Next, you explain with hydrothermal synthesis method of 
piezoelectric element which is shown in the Figure 1 
concerning manufacturing method . 
As for nucleus formation step , mole ratio of lead :zirconium 
" 1.25: 0.52 In order to become, it mixed lead nitrate aqueous 
solution and zirconium oxychloride aqueous solution , 
itdesignated mixed solution which adds potassium hydroxide 
8rule aqueous solution to this mixed solution as treatment 
solution ,it soaked metal cylindrical pipe 1 of hollow which 
consists of titanium in this treatment solution , in autoclave 
150 * 48 -hour heated in airtightness atmosphere and did 
nucleus formation of respective lead titanate zirconate in inner 
and outer surrounding surface of titanium cylindncal pipe . 

[0020] ' 

crystal growth step , in order mole ratio of 
lead zirconium :titanium 1.25: 0.52: to become 0.48,mixed 
lead nitrate aqueous solution ,zirconium oxychloride aqueous 
solution ,titanium tetrachloride aqueous solution , designated 
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mixed solution which adds potassium hydroxide 4rule 
aqueous solution to this mixed solution as treatment solution , 
soaked metal cylindrical pipe 1 of nucleus formation being 
completed inthis treatment solution , 120 * 48 .hour lead 
titanate zirconate did crystal growth in airtightness 
atmosphere . 

[0021] 

Consists of description above 2 -stage it ended hydrotreating 
which, asfor piezoelectric element which water wash ,drying 
is done, directly PZTpiezoelectric body layer 2 and 3was 
formed in inner perimeter surface -.outer perimeter surface of 
titanium cylindrical pipe , thickness was 
respectiveapproximately 10;mu m . 

In addition, PZTpiezoelectric body layer forming gold 
electrode in surface of 2 and 3, asfor result of measuring 
property , dielectric constant 1800, piezoelectric constant 
d<sub>33</sub> 4.2 X 10<sup>-10 </sup>m/v, 
Young&apos;s modulus it shows 5.6 X 
10<sup>l(K/sup>N/m <sup>2 </sup>, possesses satisfactory 
piezoelectric characteristic it wasproven . 

[0022] 

Figure 2 is oblique view of piezoelectric element which 
shows Working Example where thisinvention differs. 

As for place where it differs from Working Example which 
Working Example showing in figure shows in Figure 1 , as 
Working Example which is shownin Figure 1 making use of 
titanium cylindrical pipe 10 which formed platinum electrode 
in the outer perimeter surface there is a point which formed 
PZTpiezoelectric body layer with hydrothermal synthesis 
method of thesame condition . 

In this case, in nucleus formation step because contact with 
treatment solution and the titanium cylindrical pipe shielding 
it is done with platinum electrode 4, nucleus formation 
reaction of lead titanate zirconate with outer perimeter surface 
• of titanium cylindrical pipe is obstructed, piezoelectric 
element which has PZTpiezoelectric body layer 2 is acquired 
in only inner perimeter surface of titanium cylindrical pipe 10. 

thickness of PZTpiezoelectric body layer 2 which it acquires 
was approximately 1 0;mu m . 

In addition, forming gold electrode in surface of 
PZTpiezoelectric body layer, 2 as forresult of measuring 
property , dielectric consfant 1650, piezoelectric constant 
d<sub>33</sub> 4 X i 6<sup>-10 </sup>m/v, Young&apos;s 
modulus ft shows 5.5 X 10<sup>10</sup>N/m <sup>2 
</sup>,.it possesses satisfactory piezoelectric characteristic in 
sameway as Working Example which is shown in Figure 1 , it 
wasproven. 
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[0023] 

Figure 3 this invention furthermore is oblique view of 
piezoelectric element whichshows Working Example which 
differs. 

As Working Example where place where it differs from 
Working Example which the Working Example which is 
shown in figure shows in Figure 1 seals up the both ends of 
titanium cylindrical pipe 1 with plastic sealing material 5, 
with this state shows in Figure 1 there is a point which formed 
PZTpiezoelectric body layer with hydrothermal synthesis 
method of same condition . 

In this case, because inside hollow part of titanium cylindrical 
pipe 1 hydrothermal synthesis reaction does nothappen, 
piezoelectric element which has PZTpiezoelectric body layer 
3 is acquired on only outer perimeter surface side of titanium 
cylindrical pipe 1. 

thickness of PZTpiezoelectric body layer 2 which it acquires 
was approximately 10;mu m . 

In addition, forming gold electrode in surface of 
PZTpiezoelectric body layer, 3 as forresult of measunng 
property , dielectric constant 1700, piezoelectric constant 
d<sub>33</sub> 4 X 10<sup>-10 </sup>m/v, Young&apos;s 
modulus it shows 5.5 X 10<sup>10</sup>N/m <sup>2 
</sup>, it possesses satisfactory piezoelectric characteristic in 
sameway as Working Example which is shown in Figure 1 , it 
was proven . 
[0024] 

Figure 4 is oblique view of piezoelectric element which 
shows other Working Example ofthis invention. 
As for place where it differs from Working Example which 
Working Example showing in figure shows in Figure 1 , as 
Working Example which is shownin Figure 1 making use ot 
those which in place of titanium cylindrical pipe 1 formed 
double layer 1 1 of platinum thin film +titanium thin film m 
" outer perimeter surface of unshown plastic rod 6, there is a 
^ointwhich formed PZTpiezoelectric body layer with 
hydrothermal synthesis method of same condition . 
In this case, titanium thin film of double layer 1 1 passing by 
nucleus formation process which ismade one of synthetic 
component , PZTpiezoelectric body layer 3 is formed. 

Then, 1000 * 1 hour heating entirety in lead vapor 
atmosphere , when incineration itdoes plastic rod 6, 
piezoelectric element which provides double layer 1 1 of 
platinum thin film +titanium thin film for inner perimeter 
surface of PZT layer 3 is acquired. 

thickness of PZTpiezoelectric body layer 2 which it acquires 
injhis way wasapproximately 10;mu m . 
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In addition, forming gold electrode in surface of 
PZTpiezoelectric body layer, 3 as forresult of measuring 
property , dielectric constant 1600, piezoelectric constant 
d<sub>33</sub> 3.9 X 10<sup>-10 </sup>m/v, 
Young&apos;s modulus it shows 5.3 X 
10<sup>10</sup>N/m <sup>2 <7sup>, it possesses 
satisfactory piezoelectric characteristic in sameway as 
Working Example which is shown in Figure 1 , it was 
proven . 

[0025] 

Figure 5 is oblique view of piezoelectric element which 
shows other Working Example wherethis invention differs. 
In same way as Working Example where as for place where it 
differsfrom Working Example which Working Example 
showing in figure shows in the Figure 3 , metal cylindrical 
pipe 21 of hollow of titanium of internal diameter 100;mu 
m designates cylindrical section of internal diameter 100 mu 
m as ink pressure chamber section 22, in the one end nozzte 
23, is place where ink channel 2 1 which possesses ink supply 
tube section 24 in other end was formed, shows in Figure 3 
hollow part of nozzle 23 and ink supply tube section 24 sea/ 
was done with plastic sealing material 6, at same time in outer 
perimeter surface with state which the paint which obstructs 
formation of piezoelectric body layer application is 
done,PZTpiezoelectric body layer 3 was formed in perimeter 
portion of ink pressure chamber section 22 with the 
hydrothermal synthesis method of same condition as Working 
Example which is shown in Figure 1 . 

[0026] 

thickness of PZT layer 2 which it acquires in this way 
wasapproximately 10;mu m . 

In addition, forming gold electrode in surface of 
PZTpiezoelectric body layer, 3 as forresult of measuring 
property , dielectric constant 1700, piezoelectric constant 
. d<sub>33</sub>4X 10<sup>-10</sup>m/v, Young&apos;s 
modulus it shows 5.5 X 10<sup>l(X/sup>N/m <sup>2 
*/sup>, it possesses satisfactory piezoelectric characteristic in 
sameway as Working Example which is shown in Figure 3 it 
was proven . 

In addition, ink supply tube section 24 of piezoelectric 
element which is acquired through unshown micro valve , was 
installed in ink supply apparatus , ink discharge characteristic 
was measured. 7 

As a result; in PZTpiezoelectric body layer 3 ink drop of a 
quantity which corresponds to on-ofT of voltage which 
imparting is done spray it waspossible, satisfactory ink 
discharge characteristic is acquired was proven as the inkjet 
recording head . 



Page 14 Paterra Instant MT Machine Translation 



JP1996336967A 

PZT E**HI4l0ES» 22 (DrtJJffip 

^Elifl* |zEB^^4tCD-eii^<, RMS 
[0027] 

[£BJJ0)&g] 

^a<*i^LfcEm<*i5^JinM^s®i-m 

^/f^ois^aw^Em^tt^^-r^wtto 
Emm^^^Mi-t**ii^«-r*-^^ 



[0028] 

Ritt-cfcy . fro. *»k«:**Kn«**» 
-f>^gSKiciSLfc«5ai^ttixLTfc<c:fcic 

<. froE«*^^Sll*ttS^>^tttti*l^ 



[0029] 

i^E«fR* mm-***©** T^yx^us 

[0030] 



1996-12-24 

Furthermore, it is possible to inner perimeter side of pressure 
chamber section 22 to form PZTpiezoelectric body layer, 
transmitting extension and retraction of PZTpiezoelectric 
body layer directly in the ink , satisfactorier ink discharge 
characteristic is acquired. 

In addition, manufacturing method of piezoelectric element of 
this invention is not somethingwhich is limited in PZT-based 
piezoelectric element , to be wide application is possible as 
production technology of cylindrical piezoelectricity ceramic . 

[0027] 

[Effects of the Invention] 

As for piezoelectric element and its manufacturing method of 
this invention aforementionedway, forms piezoelectric body 
layer which controls composition .dimension , and density 
wellwith introduction of hydrothermal synthesis method , 
with solution preparation and temperature control directly in 
surface of metal cylindrical pipe to become possible, With 
conventional manufacturing method piezoelectric element of 
pipe which possesses satisfactory piezoelectric characteristic 
where dielectric constant piezoelectric constant , and 
Young&apos;s modulus which are difficult are high canbe 
offered to also economical profitably. 

[0028] 

In addition, forms piezoelectric body layer directly in inner 
perimeter ,outer perimeter , of metal cylindrical pipe which 
becomes base depending upon establishment of masking 
technology or designated region of option of inner and outer 
perimeters beingpossible, at same time, metal cylindrical pipe 
which becomes base in the structure which beforehand is 
suited for ink channel before in processingdepending, Until 
recently, attaching processing after or other which connects 
nozzle and ink supply tube road etc to piezoelectric element 
of pipe which isproduced with solid phase reaction method 
being removed, inkjet recording head which has piezoelectric 
element where manufacturing cost is low, at same time 
" directly can convert thevibration of piezoelectric element to 
ink discharge power as drive pump can beoffered to also 
economical profitably. 

[0029] 

Furthermore, because it can produce also piezoelectric 
element where internal diameter of metal cylindrical pipe 
100;mu m or less is long^nd narrow, forms inkjet recording 
head of multi nozzle type in compact being easy, ink jet 
printer and'color printer , wherequantity of for example 
printed dot is many furthermore it is expected that it 
cancontribute to inkjet printer or other function improvement 
where gradated display is possible. 

[00301- 
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Furthermore and, metal thin film by using plastic rod which 
was treated, with metal cylindrical pipe as electrode because 
also piezoelectric element of pipe which isreplaced to metal 
thin film is acquired easily, wide application is expectedas 
piezoelectric element of pipe which does not need metal 
cylindrical pipe . 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

oblique view of piezoelectric element which shows one 
Working Example of this invention 

[Figure 2] 

oblique view of piezoelectric element which shows Working 
Example where this inventiondiffers 

[Figure 3] 

This invention furthermore oblique view of piezoelectric 
element which shows the Working Example which differs 
[Figure 4] 

oblique view of piezoelectric element which shows other 
Working Example of this invention 

[Figure 5] 

oblique view of piezoelectric element which shows other 
Working Example where thisinvention differs 

[Explanation of Symbols in Drawings] 
1 

metal cylindrical pipe of hollow (titanium cylindrical pipe ) 
10 

platinum electrode attaching titanium cylindrical pipe 
11. 

. double layer of platinum membrane and titanium membrane 
2 

piezoelectric body layer (PZT,inner perimeter side ) 
21 

metal cylindrical pipe of hollow (titanium ,ink channel ) 

22 y 

pressure chamber section 
23 

nozzle 
24 
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ink supply tube section 
3 

piezoelectric body layer (PZT.outer perimeter side ) 
4 

platinum electrode 
5 

plastic sealing material 
6 

plastic rod 
[Figure 1] 
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[Figure 2] 




[03] 



[Figure 3] 



[04] 



[Figure 4] * 
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